Chiral calixarene analogs incorporating cystine peptide into their macrocyclic ring were easily prepared by the cyclization reactions of bis(chloromethyl)phenol-formaldehyde oligomers with cystine peptides in moderate yields. Circular dichroism (CD) spectra indicated the existence of the transmission of the chirality from peptide unit to phenol-formaldehyde oligomer moiety.
Calixarenes and their derivatives are one of the most important host molecules in molecular recognition field. The chemistry of calixarenes has been extensively studied with respective to the modification of the frameworks at the lower (small) and upper (large) rims of the calixarene skeleton from the viewpoint of additional functionality. 1, 2) Despite such progress, the modification on the methylene backbone has not been exploited to any great extend owing to the relatively inert reactivity on this site. 3) This situation inspired us to synthesize the calixarene analogs, which were constructed by changing from the methylene moiety to other units. Therefore, we synthesized the calixarene analogs incorporating cystine peptide as a building block in the macrocyclic ring. 4) It is known that cystine unit is an important structure element of peptide and protein structure, because the disulfide unit in proteins plays an important functional role in redox processes and in restricting their conformation. [5] [6] [7] In this paper we describe the synthesis of the chiral calixarene analogs incorporating cystine peptide and their structural analysis.
Calixarene analog (1a) was prepared from the cyclization reaction of 1,5-bis(chloromethyl)-p-cresol (4a) 8) and an equimolar amount of cystine peptide (NHϭPro-Cys(OMe)-SS-Cys(OMe)-ProϭNH) (3a) 9) in chloroform in the presence of triethylamine (NEt 3 ) at 30°C for 12 h in 45% yield. Analogously, the reactions using phenol-formaldehyde oligomers (4b-e) 10, 11) instead of 2a under the same reaction condition gave the corresponding macrocycles (1b-e) in 36, 35, 32, and 30% yields, respectively. Similarly, the reactions of 4a-d with cystine peptide (NHϭPro-Phe-Cys(OMe)-SS-Cys(OMe)-Phe-ProϭNH) (3b) 12) also gave the corresponding macrocycles (2a-d) in 32, 31, 26, and 8% yields, respectively. But the reaction of 3b with 4e did not give any macrocyclic compound except polymeric materials.
The structure of macrocycles (1, 2) was elucidated by using their elemental analyses and spectral data. In the IR spectra the absorption of the hydroxyl groups of phenol unit were observed at the range of 3273-3298 cm
Ϫ1
, indicating the formation of the intramolecular hydrogen bonding.
13) The 1 H-and 13 C-NMR spectra of macrocycles (1, 2) gave C 2 symmetry signal pattern. The ArCH 2 Ar methylene protons observed as a pair of doublet and/or singlet. According to Gutsche, 14, 15) (1, 2) , the phenolformaldehyde oligomer moieties may adopt a twisting form. In this case, it is possible that the twisting direction of phenol-formaldehyde oligomer moieties is effected by the chirality of the cystine peptide. Therefore, we carried out the circular dichroism (CD) spectral measurement of 1 in chloroform as shown in Fig. 1 . CD spectra of 1 showed the absorption of the phenol chromophore around 290 nm [1a: l ext ϭ289 nm (q 2400), 1b: l ext ϭ290 nm (q 6600), 1c: l ext ϭ294 nm (q 58600), 1d: l ext ϭ293 nm (q 8000), and 1e: l ext ϭ294 nm (q 17700)], supporting the assumption that the phenol-formaldehyde oligomer moiety is chiral.
16) The discrepancy of the CD signal intensities of 1 may relate to the restriction of the molecular mobility and the degree of the twisting of the phenolformaldehyde oligomer moiety.
In conclusion, we prepared chiral calixarene analogs containing cystine peptide moiety into their macrocyclic ring in moderate yields. CD spectra of the macrocycles suggested the existence of the chiral transmission from the peptide unit to the phenol-formaldehyde oigomer moiety.
Experimental
Melting points were measured by Yanagimoto micro melting point apparatus and were uncorrected.
1 H-and 13 C-NMR spectra were measured with a Varian Mercury 200 and a Varian INOVA 500 spectrophotometers, using tetramethylsilane as an internal standard reference. IR spectra were taken on a Horiba FT-200 spectrophotometer. FAB-mass spectra were recorded on a JEOL JMS AX-505HA spectrometer, using m-nitrobenzyl alcohol as a matrix. CD spectra were obtained on a Jasco J-720WI spectrophotometer. Column chromatography was performed using silica gel (Kieselgel 60, 63-200 mm, 70-230 mesh, Merck). All amino acids were used in the L-form. Cystine peptides (3) and bis(chloromethyl)phenol-formaldehyde oligomers (4) were prepared according to the methods reported in literature. [6] [7] [8] [9] [10] General Procedure for the Preparation of the Macrocycles To 50 ml of dichloromethane was added a solution of triethylamine (216 mg, 2.14 mmol) and peptide 3 (0.36 mmol) in 10 ml of dichloromethane and a solution of bis(chloromethyl)phenol-formaldehyde oligomer 4 (0.36 mmol) in 10 ml of dichloromethane at 30°C over 2 h, simultaneously. After the addition was complete, the mixture was allowed to stir at 30°C for 20 h. Removal of dichloromethane gave yellow oily residue, which was subjected to column chromatography on silica gel using hexane : ethyl acetate 3 : 1 as an eluent to give 1 or 2 as colorless crystals. 
